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PROJECT  TITLE:  TEST  OF  PERSONNEL  HEATERS,  GASOLENE  BURNING  TYPE, 

FOR  MILITARY  VEHICLES 


OBJECT: 

To  determine  performance,  endurance,  and  efficiency  of  the  personnel 
heaters.  Code  A,  B,  C,  D,  E,  and  Fj  check  their  operational  character¬ 
istics  and  obtain  information  for  future  comparison  and  qualification 
tests. 

SUMMARY: 

This  heater  test  consisted  of  five  2Jj-volt  heaters  (C0de  B,  C,  D,  E, 
and  F)  of  which  Code  C  and  D  were  identical  except  for  the  i ('niter 
resistor.  The  sixth  heater.  Code  A,  was  a  12-volt  system. 

1.  Electrical  test 

The  2^-volt  heaters  for  running  required  from  2.1  to  6.2  amperes 
and  the  12-volt  heater  required  15  amperes.  For  starting,  the 
heaters  required  from  8  to  10  additional  amperes.  The  minimum 
starting  voltage  at  minus  65  F  ambient  temperature  varied  from 
19  to  21  volts  for  the  2lj-volt  heaters  and  was  11  volts  for  the 
12-volt  heater. 

2 .  'filt  and  Rotation  test 

At  an  ambient  temperature  of  minus  65  F,  Code  A,  B,  C,  and  T) 
heaters  started  at  90°  tilt  with  blower  up  and  blower  down  and 
at  90°  angles  of  rotation.  Code  A  and  F  heaters  failed  to  start 
at  90°  tilt  with  blower  down  but  started  on  the  other  90°  test 

jX  t/iOIU>  • 


3«  Efficiency  tost 

Under  the  test  conditions,  at  high  heat, Code  c  and  F  heaters 
attained  oho  highest  efficiency  while  Code  A  heater  v/as  lowest* 

At  low  heat,  Code  F  heater  was  the  most  efficient  and  Code  E 
heater  was  the  least  efficient.  However,  Code  A  and  B  heaters 
did  not  perform  consistently  at  low  heat  setting*  The  efficiency 
of  the  heaters  varied  from  52. it  to  62.7  percent. 

U*  Cycling  test 

The  100-cycle  test  indicated,  at  an  aabient  temperature  of  minus 
6$  F,  that  the  average  time  to  “run11  varied  from  32*7  to  101*1 
seconds.  'Jhs  starting  current  varied  from  8*8  to  16*3  amperes 
at  21|  volts.  Code  A  heater  used  23*1  amperes  at  12  volts*  The 
starting  energy,  in  watt  minutes,  extended  from  2.5U  to  9*75 
and  the  average  time  to  purge  required  33  to  2Uj  seconds*  Code 
B,  C,  aid  E  heaters  started  100  times  without  a  failure;  Code  A 
heater  failed  5  times  and  code  K  heater  failed  13  times  in  the 
100  trials. 

5*  200-hour  Cold  Room  test 

The  heaters  operated  at  ambient  temperature  of  minus  65  F  but 
none  of  the  heaters  would  ojjorato  without  repairs,  adjustment, 
and  troubles.  The  maximum  length  of  time  without  aqy  failure 
was  81*  hours. 

6.  Vibration  tent 

At  20  cycles  and  tot:*l  displacement  of  0.12511,  there  was  no 
indication  of  major  failure  after  21$  hours  of  vibrating*  This 
period  consisted  of  16  hours  of  neater  operation  and  8  hours 
not  in  operation. 

CONCUISIONSt 

1*  Electrical  test 

The  electrical  tost  did  not  consist  of  sufficient  variables  to 
date  mine  Uio  range  of  current  requirements  for  each  heater. 

Vie  low  voltage  toot  indicates  that  the  heaters  will  start  at 
voltages  below  the  battery  capacity  at  temperatures  of  minus  65  F* 

2*  Tilt  and  Rotation  test 


Heaters  can  b^  designed  to  operate  with  the  heater  in  the  vertical 
position  or  hn  rotated  with  the  control  components  turned  90°  from 
the  vertical. 
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3*  Efficiency  tost 

Tne  efficiency  of  the  heaters  oaj.noo  oo  evaluated  fully  unless 
other  variables  are  introduced  to  the  torts;  however,  the  heater 
efficiency  can  bo  os  hir;h  ar  61  percent  ?..i  ambient  room  temperature. 

k.  Cycling  tost 

Tho  results  indicate  that  ;ide  variation  of  startin'  characteristics 
exist  amonr'  the  heaters.  The  Code  A  and  B  heaters  showed  much 
better  characteristics  than  the  Code  q,  h,  and  F  neators. 

5.  200-hour  Cold  fjoom  test 

The  heaters  will  not  onorate  for  200  hours  continuously  without 
maintenance  and  repairs. 

6.  Vibration  tost 


All  the  heaters  withstood  the  vioration  forces;  however,  the  test 

should  introduce  other  frequencies  and  amplitudes  than  those  used 

for  the  test. 

HrXCMHEN'nATIOWS  s 

Fo r  further  heater  tests,  the  follonnc  additions  should  be  included: 

1.  The  electrical  power  ivouironcnt  should  include  the  variables 
which  affect  -he  power  re<  mi  runout  such  as  vehicle  operating 
voltage  of  2i.;>  volss,  several  amoient  temperatures,  various 
combinations  of  fro.  a  air  u«d  «?;;  «aust  oack  pressure,  high  and 
low  heat  netting* 

2.  The  efficiency  to^«#s  rho  ilw  include  tno  same  factors  as  in  the 
else tri cal  to.t. 

3.  The  tilt  and  rotation  test  should  be  conducted  at  10°  increments 
of  the  maximum  angle  of  operation. 

I*.  At  least  six  heaters  of  one  model  should  be  obtained  for 
testing. 

5.  A  1000-hour  endurance  test  should  be  included  in  the  test 
procedure. 

6.  The  vibration  test  should  be  extended  to  include  acceleration 
forces  to  approximately  20  G»s. 
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INTRODUCTION* 


Arctic  operation  of  military  vehicles  at  sub-zero  temperatures  may  be 
accomplished  with  the  use  of  heating  equipment.  The  objective  of 
obtaining  heating  equipment  which  is  reliable,  effective,  and  simple 
introduces  many  problems  in  design  and  development. 

In  addition  to  these  objectives,  ease  of  maintenance  must  be  considered 
so  that  personnel  wearing  arctic  clothing  will  not  be  hindered  in  the 
maintenance  operation.  Compactness  of  the  heater  is  another  important 
consideration  because  many  of  the  present  day  military  vehicles,  especially 
those  intended  for  combat,  have  been  equipped  to  the  extent  that  space 
is  at  a  premium. 

To  approach  the  objective,  the  gasoline  burning,  fresh  air  heater  seems 
to  be,  at  the  present  time,  the  most  practical  solution  for  heating 
personnel.  However,  tiie  specifications  KTL-H-3199*  for  this  type  of 
heater,  are  totally  inadequate  for  ihe  establislment  of  perfomance, 
endurance,  mirlmum  starting  requirements,  angle  of  operation,  vibration, 
power  requirement,  etc.  Consequently,  heater  designers  have  been  handi¬ 
capped  in  that  design  objectives  are  not  knovm.  Prior  to  this  test, 
one  fresh  air  heater  was  accepted  for  Ordnance  use.  To  promote  develop¬ 
ment  of  this  type  of  heater,  other  heater  manufacturers  were  induced  to 
submit  heaters  lor  tests.  Two  of  the  heaters  submitted  for  test  were 
the  same  capacity  (20,000  Btu/hr)  as  that  of  the  accepted  model.  Two 
were  of  a  larger  capacity}  one  30,000  and  the  other  60,000  htu/hr. 

This  test  was  initiated  to  obtain  information  on  performance,  endurance, 
efficiency,  and  operating  character! sties  of  these  heaters  to  serve  as 
a  basis  for  future  qualification  and  acceptance  specifications. 


TbST  MATERIAL: 


All  the  heaters  for  this  test  were  the  forced  warm  air,  gasoline  burn¬ 
ing  type  of  heater,  using  the  vehicle  electrical  system  as  a  source 
of  power.  The  heater  produces  heat  by  burning  gasoline  mixed  with  air 
inside  a  combustion  chamber,  after  which  she  combustion  gases  flow  through 
the  heat  exchanger  passages  and  to  che  exhaust  outlet,  fts  exhaust  gases 
pass  through  the  exhaust  chamber,  the  ventilating  air  is  forced  across 
Hie  exchanger  surfaces  by  <in  electrically  powered  blower  to  absorb  the 
heat. 

The  operation  of  the  heater  can  Le  separated  into  throe  systems*  fuel 
and  combustion  air,  ventilating  air,  and  electrical  components*  The 
fuel  and  combustion  system  consists  of  fuel  til ter,  electrically  operated 
pump,  a  regulation  mui  metering  valve,  combustion  air  blower  and  com¬ 
bustion  chamber.  The  ventilating  system  consists  of  blower  motor,  fan, 
and  air  passage  through  and  around  the  heat  exchanger.  The  electrical 
system  includes  a  control  box,  flame  switch  and  igniter. 
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The  differences  between  the  heaters  are  the  method  of  combining  the 
components  and  the  type  of  burner.  Table  I  lists  the  components  for 
each  heater  and  Table  II  summarizes  the  data  sutmitted  by  the  manu¬ 
facturers. 


A 

B 

Heater, 

C 

Code 

D 

E 

F 

Motor,  ventilating  blower 

X 

X 

X 

X 

Motor,  combustion  blower 

X 

X 

X 

Motor,  combination  ventilation 
and  combustion  blower 

X 

X 

X 

Fuel  pressure  regulator,  solenoid 
valves,  meter  separate 

X 

Fuel  pressure  regulator  and  shut 
off  valve  combined 

X 

X 

Fuel  pressure  regulator,  shut  off 
and  metering  set 

X 

X 

X 

X 

X 

X 

Overheat  switch 

X 

X 

X 

X 

Thermal  relay 

X 

X 

Flane  detector  switch 

X 

X 

X 

X 

X 

X 

Relay  and  resistor 

X 

Igniter  resistor 

X 

X 

X 

X 

X 

Teminal  strip 

X 

X 

X 

X 

X 

Manual  igniter  provision 

X 

Circuit  breaker  in  control  box 

X 

X 

X 

X 

X 

X 

Recirculating  exhaust  for 
combustion  air 

X 

X 

Type  of  vapor}  y,er  Oener- 

ator 

Pot 

Pad 

Pad 

Pot 

Ceramic 

brick 

MAJOR  HEATER  COM  PON  LETS 


Table  I 


A 

Code 

B 

Heater 

C 

E 

F 

Output  (Btu/hr) 

Fresh  Air 

High 

60,000 

30,000 

20,000 

20,000 

20,000 

Low 

30,000 

18,000 

10,000 

9,000 

Air  Temperature 

Rise 

High  rise 

CFM 

226  F 

250 

230  F 

130 

80 

170  F 

120 

Fuel  Consumption 
(Gal.  per  hour) 

High 

.8 

.25 

.25 

C\l 

CVi 

• 

Low 

.2U 

.125 

.125 

.11 

Rated  Voltage 

12 

214 

214 

2li 

2I4 

Power  Consumption 
(Watts) 

Start 

3014 

li32 

26U 

300 

Running 

160 

II4I4 

60 

60 

Physical  Characteristics 
Length  2JU1 

16  3/U" 

18  1/2" 

18" 

Height 

11  5/6" 

9" 

9  3/li" 

10" 

Width 

8" 

6" 

8  l/L" 

8" 

Weight 

26  lbs. 

23  lbs. 

23  lbs. 

2U  lbs 

HEATER  SPECIFICATIONS  FROM  MANUFACTURE 


Table  II 


Fi cures  1-12  show  each  of  the  completely  assembled  heaters  and  break 
down  of  the  components* 

Figures  13  -  17  show  the  wiring  diagram  of  each  heater  since  slight 
variations  v/ere  noted. 
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Figure  1 


Code  A  heater,  assembled 


Figure  2 

Cede  A  heater,  disassembled 


Figure  7 

Code  D  heater,  disassembled 
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TEST  APPARATUS: 

The  equipment  used  for  the  test  is  listed  in  the  test  prog rm  (see 
Appendix  A). 

TEST  PROCEDURE i 

The  test  procedure  outlined  in  the  test  program  was  followed  with  these 
exceptions  s 

a.  Two  additional  heaters  from  different  Manufacturers  were 
included  in  the  tests. 

b.  The  sequence  of  the  tests  was  changed  to  the  followings 

The  heater  efficiency  test  was  contacted  after  the  tilt  test. 

c.  The  high  voltage  phase  of  the  electrical  test  was  omitted. 
RESULTS  AND  DISCUSSIONS 

1.  Electrical  test 


The  electrical  test  was  introduced  to  detemine  the  electrical 
power  requirements  and  the  minimum  starting  voltage  at  which  the 
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heaters  would  start.  The  use  of  storage  batteries  when  the  vehicle 
engine  is  not  in  operation  dictates  that  at  low  temperatures  the 
heaters  consume  the  leqst  power  possible.  The  discharge  character¬ 
istics  of  storage  batteries  are  such  that  the  higher  the  discharge 
current  the  lower  the  terminal  potential.  Therefore,  the  heater 
which  requires  more  current  to  start  should  be  able  to  start  at  a 
lower  voltage. 

The  electrical  power  consumption  test  was  not  completed  because  of 
inadequate  d-c  regulated  power  supply.  However,  Table  III  shows 
the  current  requirements  for  the  heater  at  room  ambient  temperatures 
and  without  any  restriction  at  the  fresh  air  outlet. 


12  volt 

Code  A* 

Code  B* 

(amps) 

(amps) 

Start 

26.5 

16.2 

Run 

15 

6.2 

Start 

Run 

2k  volts 


Code  C 
(amps) 

Code  D 
(amps) 

Code  E 
(amps) 

Code  F 
(amps) 

10.U 

10.0 

13.7 

11.5 

2.1 

2.1 

2.1 

2.1 

26. 

5  volts 

12.5 

12.2 

16 

13.6 

2.5 

2.8 

2.8 

*Both  heaters  had  trouble  with  the  igniters.  The  test  was 
run  later  at  12  volte  for  the  Code  A  and  2k  volts  for  the 
Code  B  heater. 


CtntT.TTT  Hi'  UIR~K  EXITS 
Table  III 

The  major  item  requiring  current  during  running  is  the  ventilating 
blower  motor.  The  amount  of  electrical  current  which  i8  needed  is 
determined  primarily  by  the  type  of  blower.  Code  B  heater  which 
required  approximately  threo  times  more  than  Code  D,  E,  and  F 
heaters  has  a  backward  tip  type  of  fan.  However,  this  heater  is 
capable  of  producing  a  higher  back  pressure  than  the  other  three 
2U-volt  heaters.  This  is  shown  in  Appendix  C  (Efficiency  test) 
in  which  Code  B  heater  produced  a  maximum  static  pressure  of  3.32 
inches  of  water.  The  Code  C  heator  with  the  blower  identical  to 
that  of  the  Code  D  heater,  developed  37. 0^,  the  Code  E  developed 
ltl*.5£,  and  the  (tode  F  developed  25.635  of  the  Code  B  static  pressure 
capacity. 

The  results  of  the  low  voltage  start  test  at  minus  65  F  is  shown 
in  Table  IV. 
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Code  A 

Code  B 

Oota  C 

Code  D 

Code  E 

Code  F 

Minimum  start 
voltage 

11 

21 

20 

20 

19 

19 

Time  to  run  at 
minimum  voltage 
in  seconds 

25 

101 

100 

55 

62 

85 

LCW  VOLTAGE  START  TEST 


Table  IV 

2.  Tilt  end  Rotation  teat 

Tilt  and  rotation  testa  were  contacted  to  determine  the  angles  at 
which  the  heaters  could  be  Installed  in  vehicles,  and  to  date mine 
if  cross  country  inclines  were  within  the  operating  range  of  the 
heaters. 

The  positions  at  which  the  heaters  were  tested  were  the  naadmua 
angles  from  the  level  position.  Figure  18  shows  the  tilt  and 
rotation  angles  at  which  the  tests  were  conducted. 
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Table  V  shows  the  average  of  5  runs  at  ambient  temperature  of 
minus  65  F  which  was  divided  into  starting  and  purging.  Heaters, 
Code  A,  B,  C  and  D  started  at  all  the  angles;  Code  E  and  F  failed 
to  operate  at  the  90°  blower  down  position. 

Time  in  Seconds 


Heater: 

A 

B 

C 

2 

E 

F 

Tilt  90° 

Avg. 

time 

to 

fire 

21 

25 

50 

1*5 

* 

« 

Blower  down 

Avg. 

time 

to 

run 

27 

31 

61* 

73 

* 

Purge 

138 

73 

215 

338 

Tilt  90° 

Avg. 

time 

to 

fire 

18 

30 

82 

52 

30 

68 

Blower  up 

Avg. 

time 

to 

run 

23 

UO 

96 

63 

39 

85 

Purge 

129 

81* 

103 

93 

59 

21*3 

Rotation 

90®  Avg. 

time 

to 

fire 

13 

13 

85 

1*2 

1*3 

69 

Left 

Avg. 

time 

to 

run 

19 

17 

99 

57 

58 

85 

Purge 

1*5 

73 

118 

93 

1*5 

2U 

Rotation 

90®  Avg. 

time 

to 

fire 

18 

13 

186 

50 

31* 

63 

Ritfit 

Avg. 

time 

to 

run 

25 

21 

203 

66 

1*6 

78 

Purge 

U1 

73 

101* 

91 

56 

236 

*  Qasoline  leaked  past  "he  ifjiiter  because  no  seal  was 
provided. 


SUKMAIff  OF  STARTS  AMP  PUIPE  FOR 
TILT  AND  ROTATION  TEST 


Table  V 

These  two  heaters  were  considered  aa  failures  at  that  position 
because  of  gasoline  leakage.  Code  E  heater  would  start  at  the 
angle  of  60®,  but  the  maxi  non  angle  at  which  no  leakage  was 
observed  was  20°.  The  maximum  angle  at  which  the  fbde  F  heater 
would  start  was  1*5®  and  the  angle  at  which  no  leakage  was  observed 
was  5°. 
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The  variations  in  the  time  to  run  was  :mall  for  tho  Code  A,  B,  and 
D  heaters  at  the  four  positions,  out  tne  Code  C  heater  required 
approximately  twice  the  tir  e  when  the  heater  was  rotated  £0°  to  the 
right.  Cinco  tiio  purge  time  indicates  the  amount  of  unburned  fuel 
at  the  burner,  oiic  purge  time  is  also  tabulated  in  tlie  table* 

The  variation  of  puree  time  each  an "Is  was  negligible  only  for 
the  Code  b  hoatorj  the  other  heaters  varied  much  more  at  other 
positions,  especially  with  the  heater  tiltnd  to  the  blower  down 
position. 

The  difference  in  purge  time  between  who  heat or a  can  be  attributod 
to  tho  type  of  burner  which  the  hunter  utilised.  The  Code  F  heater 
required  much  more  time  to  purge  because  of  the  ceranic  cone  wliich 
the  otlior  heaters  did  nut  use. 

3.  Efficiency  tost 


The  limitation  imposed  to  keep  ehe  size  of  the  heater  to  a  mi nlmua 
affocts  the  hoat  exchanger  efficiency.  Therefore,  the  efficiency 
test  wa3  conducted  to  determine  the  efficiency  of  the  heaters  to 
determine  which  heater  was  able  to  extract  the  most  heat  at  only 
one  condition  which  will  be  described  later.  The  efficiency  of 
the  heater  is  defined  as  tho  heat  absorbed  by  tho  ventilating  air 
divided  by  the  heat  available  from  the  fuel. 

Since  the  heat  exchanger  was  Uie  primary  consideration,  the 
electrical  power  required  was  not  included  in  the  efficiency 
measurements.  Tho  conditions  of  the  test  were  as  follows: 

The  outlet  pressure  of  the  ventilating  air  was  maintained 
fay  the  atmospheric  pressure.  The  exhaust  gas  restriction 
was  the  eight  feet  of  1.’."  «lianetor  tubing  for  the  20,000 
and  30,000  ntu/iir  heaters.  The  60,000  Btu/hr  heater 
required  a  2"  dianotcr  tubing. 

Voltage  at  tho  control  box  was  maintained  at  2fa  volts. 

'lire  ambient  temperatures  were  between  70  -  80  F. 

A  summary  of  the  results  is  shown  in  Table  VI.  The  results  of  the 
test  only  indicate  the  relationship  of  one  heater  to  another.  It 
is  believed  that  any  change  of  the  above  conditions  will  change  the 
efficieni:y  «»f  the  heater. 
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Heater 

Position 

Heat  Output 
Btu/hr 

Efficiency 

(Percent) 

A 

High 

53,350 

52.  lj 

B 

High 

21,100 

56.6 

C 

High 

20,725 

62.? 

c 

Low 

9,160 

60.8 

E 

High 

18,075 

53.7 

E 

Low 

10,220 

55.2 

F 

High 

20,300 

62.7 

F 

Low 

8,980 

61.7 

SIM! ARY  OF  FFFICIiaiCY  TEST 


Table  VI 

In  addition  to  the  efficiency  test,  the  maximum  static  pressure 
which  the  ventilating  blower  could  produce  was  also  determined. 
This  was  conducted  to  determine  the  possibility  and  the  limit* 
ation  on  the  amount  and  size  of  duct  work  which  could  be 
connected  to  the  heaters. 

U.  Cjycle  teat 

The  starting  factors  of  these  heaters  at  sub-zero  temperatures, 
using  electrical  resistance  wire  type  of  igniter, are  the  minimum 
time  required  to  run,  consistency  in  starting,  and  minimum 
electrical  energy  requirement.  To  evaluate  these  factors,  the 
data  from  the  100-cycle  test  for  each  heater  was  used.  The  time 
to  run  was  measured  from  the  time  the  switch  was  turned  on  to  the 
time  the  igniter  circuit  was  de-energized  by  the  flame  switch. 
Consistency  in  starting  was  evaluated  by  computing  the  average 
starting  time,  the  standard  deviation  and  the  dispersion  of 
starting  times.  The  electrical  energy  in  starting  was  determined 
by  multiplying  the  average  starting  current,  the  voltage,  and  the 
average  time  to  run.  Table  VII  shows  these  factors  including  the 
lumber  of  failures  to  start,  average  running  current  and  average 
purge  time. 
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A 

Heater,  Code 
B  C 

K 

F 

Average  time  to  run  in 
seconds 

32.7 

3li.O 

101.1 

70.9 

87.8 

Standard  deviation  of 
time  to  run  in 
seconds# 

10.1 

it.  2 

31.1 

11*. 2 

15.3 

Average  starting  current 
in  amperes 

23.1 

16.3 

8.8 

11.8 

10 

Average  running  current 
in  amperes 

15.8 

6.3 

2.2 

2.2 

2.2 

Starting  energy  in 
watt-min. 

2.51* 

..7 

5.92 

9.75 

5.83 

Average  purge  time  in 

seconds 

59 

33 

11*2 

99 

211* 

Number  of  failures  to 
start 

5 

r’ono 

Hone 

Hone 

13 

#5oe  Appendix  3  for  sample  calculation. 

gj?vv r:  or  loo  cycles  test 

Tabic  VII 

TIiu  minimum  time  to  run  for  the  five  heaters  was  37.7  seconds 
for  the  Code  A  heater.  The  minimum  standard  deviation,  range 
of  starting  time  or  the  consistency  in  the  time  of  starting  was 
U.2  seconds  for  the  Code  B  heater.  The  distribution  of  the 
starting  times  is  shovai  in  Figure  19. 

The  least  amount  of  energy  required  for  starting  the  2^-volt  •* 
heaters  war?  3.7  watt-min.  for  tho  Code  B  heater.  The  Code  A 
heater,  a  12  volt  system,  did  not  require  a  resistor  .'or  the 
igniter  which  accounts  for  the  energy  being  less  than  tho  other 
heaters. 

Three  of  the  heaters.  Code  B,  C,  and  E  started  100  times  without 
failure,  out  the  Code  A  heater  failed  to  start  five  times;  Code  E 
failed  13  times.  The  number  of  failures  was  not  included  in  the 
computation  of  the  average  time  to  run  and  the  standard  deviation, 
since  no  penalty  factor  was  involved. 
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5*  200-hour  Cold  Room  test 


The  heaters  operated  at  ambient  temperature  of  minus  65  F  to 
determine  the  operational  stability  and  reliability.  Not  one 
of  the  heaters  operated  for  the  200  hours  without  a  failure# 

The  following  table  summarizes  the  difficulties  encountered 
during  the  test: 

Number  of 

Run  Hours  Remarks 

CODE  A  HEATER 

15  1#  Exhaust  temperatures  were  too  low,  therefore 

another  type  of  jet  was  installed.  In  addition, 
the  flame  detector  switch  required  adjustment  and 
the  igniter  was  replaced. 

2.  Heater  would  not  operate  with  changes  in  part  (1), 
then  the  flame  detector  switch  and  fuel  filter  were 
replaced. 

3.  After  the  second  attempt  to  operate  the  heater  for 

the  test,  the  quartz  rod  was  found  to  be  broken  and  one 
of  the  control  harness  leads  was  found  to  be  disconnected. 

I*.  After  the  control  valve  was  checked  and  found  to  be 
all  right,  the  seal  for  the  filter  was  found  to  be 
defective. 

5.  Discovered  that  an  exhaust  restriction  was  necessary 
for  normal  operation. 

6.  The  above  work  was  recommended  by  the  company 
representative • 

62  #5  The  control  valve  was  tapped  to  eliminate  an  air 

pocket. 

67  Discovered  gasoline  leaking  from  the  burner  head; 

it  was  removed  and  silver  soldered.  In  addition, 
the  thomal  relay  and  igniter  were  found  to  be 
defective.  The  mixing  plate  was  replaced  with  one 
made  of  a  corrosion  resistant  alloy  (Inconel)  but 
the  first  one  was  not  yet  defective.  It  was  noted 
that  a  large  piece  of  carbon  formation  was  on  the 
flame  detector  tube. 

105  1.  Gasoline  was  leaking  from  burner  head. 
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item  arks 


Number  of 
Run  Hours 


2. 

Removed  carbon  formation  from  flame  detector 
switch. 

108 

Tapped  control  valve 

1U9 

Tapped  control  valve  and  bled  fuel  line  at  control 
valve. 

168 

Discovered  hole  in  burner  head  combustion  air 
inlet  tube. 

it  0.5 

Replaced  quartz  rod  of  flame  detector  switch, 
igniter,  and  repaired  gasoline  leakage  at  burner 
head. 

CODE  B 

50 

Tapped  control  valve 

68.5 

Plano  out  -  reason  unknown 

82.5 

1. 

Flame  out  -  reason  unknown 

2. 

Thermal  relay  was  faulty.  Heater  was  turned  off 
because  the  exhaust  temperature  was  top  high}  worn 
motor  brushes  were  the  cause* 

110.5 

Flame  out  -  reason  unknown 

116 

Exhaust  was  restricted 

136 

Blower  screen  was  frosted  causing  high  fresh  air 
outlet  temperature 

168.5 

Tapped  control  valve 

179.5 

Fuel  line  bled 

180.5 

Fuel  line  bled 

CODS  C 

26.5 

Low  exhaust  temperature  was  caused  by  control  valve 

112 

Replaced  combustion  blower  motor 

183 

With  the  combustion  air  adapter,  the  heater  would  not 
operate*  The  heat  exchanger  was  replaced* 

Number  of 
Run  Hours 


63  1. 

2. 

82.5 

106.5 

66 

9k  1. 
2. 

12U  1. 

2. 

126  1. 
2. 
3. 
ikk 

1*3.5  1. 
2. 


172.5 


Remarks 

CODE  E 

The  flame  out  which  occurred  was  probably  caused 
by  the  hole  in  the  heat  exchanger,  which  was 
replaced. 

The  flame  detector  switch  required  an  adjustment. 

The  fuel  pump  was  not  operating  properly. 

Heater  would  not  restart  in  cold  room;  reason 
unknovm. 

CODE  F 

Replaced  combustion  blower  motor 
Vaporizer  brick  was  heavily  carboned 
Flame  detector  switch  tube  baffle  was  burned 
Flame  out  because  of  control  valve  leak 
The  overheat  switch  was  faulty 
Combustion  blower  tubing  was  ruptured. 

Control  valvo  required  adjustment 
Igniter  was  defective 
Flame  out  occurred 

Replaced  igniter,  vaporizer  brick,  and  igniter 
replaced. 

Inside  of  heat  exchanger  was  carboned  heavily. 

Air  was  used  t>;  remove  as  much  as  possible. 

Vaporizer  brick  was  car boned  heavily, 

SUMMARY  OF  HEATER  FAILURES  AMD  STOPPAGES 
nURttia  200  HOUR  COLD  ROOM  TF^T 


Table  VTTT 


6.  Vibration  test 


The  vibration  test  was  conducted  at  20  cps  and  .12^  inch  total 
displacement  (peak  to  peak)  to  determine  the  ability  of  the 
heaters  to  withstand  the  forces.  The  neaters  were  vibrated  at 
the  above  condition  for  oiyht  (6)  hours  and  then  for  sixteen  (16) 
hours  while  tho  header  was  in  operation.  There  was  no  indication 
of  major  damage  to  any  of  the  heaters  tested.  Code  A,  C,  and  F 
heaters  operated  without  any  maintenance  or  failure.  Code  B  heater 
required  one  flame  switch  adjustment  because  the  lock  nut  became 
loose*  Code  3  heater  had  three  wire  failures  and  loosening  of  the 
pressure  regulator  adjustment  screw. 

No  indication  of  carbon  monoxide  was  found  in  the  fresh  air  from 
any  of  the  heaters. 
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APPENDIX  A 
Test  Program 


TEST  PROGRAM 


TITLE:  TEST  OF  PERSONNEL  HATERS,  G ABOLIM ii— bUlil-i KG  TYFr,,  FOR 

MILITARY  VEHICLES 


OBJECT: 

To  determine  performance,  endurance,  and  efficiency  of  four 
Personnel  Heaters;  check  their  operational  characteristics;  and 
obtain  data  for  future  comparison  and  qualification. 

OUTLINE  OF  PROBLEM: 

The  present  specification  for  Gasoline-Burning  Personnel  Heaters, 
MIL-H-3199,  Type  I,  is  inadequate.  The  requirement  section  does 
not  specify  minimum  performance  under  such  conditions  as  low 
temperature  operation,  corrosion  resistance,  operational  endurance, 
water-proofness  of  electrical  components,  angle  of  operation,  etc. 

The  testing  section  does  not  specify  test  methods  and  detailed 
procedures  covering  each  requirement  in  order  to  determine  conform¬ 
ance  with  the  specification. 

With  more  manufacturers  becoming  interested  in  supplying  the 
Ordnance  Corps  with  heaters,  it  is  urgent  that  all  presently  avail¬ 
able  heaters  be  tested  to  provide  information  which  will  serve  as  a 
basis  for  future  qualification  and  acceptance  specifications. 

EQUIPMENT: 

1.  Cold  room  facilities  with  temperature  range  to  -70  F 

2.  Personnel  Heaters  (Code  A,  B,  C,  and  D,  three  manufacturers ) 

3.  Test  stands,  fuel  supply  containers,  and  variable  voltage  D-C 
electric  power 

4.  Air  flow  equipment 

5.  Tilting  table 

6.  Vibration  machine 

7.  Balance  scale 

8.  Voltmeter  and  ammeter 

9.  Thermocouples  and  potentiometer 

10.  Vibration  pickup  and  meter 

11.  Velometer 

PRELIMINARY  INSPECTION: 

Conduct  a  preliminary  inspection  of  heater  to  determine  the  following: 
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PRELIMINARY  INSPECTION  (CONT'D): 

1.  Weight 

2.  Length 

3.  Width 

4.  Height 

5.  Rated  voltage 

6.  Rated  Btu/hr 

7.  Rated  starting  and  operating  current 

8.  Blower  motor  type  and  horsepower 

9.  Rated  fuel  consumption 

10.  Rated  heat  output 

11.  Rated  C.F.M.  Combustion  and  ventilating  blower 
TEST  REQUIREMENTS: 

1.  Tests  on  the  heaters  are  to  be  conducted  in  the  following  order: 

a.  Electrical 

b.  Heating  efficiency 

c.  Tilting  (maximum  angle) 

d.  Cycling  (OFF  and  ON  operation) 

e.  Continuous  operation 

f.  Vibration 

2.  Temperature 

The  above  tests  are  to  be  conducted  at  room  temperature  of  80  F, 
+15  F  unless  otherwise  specified.  Tests  conducted  in  the  cold 
room  will  perait  sufficient  cold  soaking  time  before  starting  test. 

3.  Use  Gasoline,  Automotive,  (Combat)  MIL-G-3056,  Type  80C,  for  fuel. 

4.  Position  the  heaters  with  the  longitudinal  axis  level  with  the 
horizontal  and  without  any  rotation  around  this  axis  unless  other¬ 
wise  specified. 

5.  Use  a  constant  voltage  source  with  the  rated  voltage  at  the  heater 
and  leads  of  72  inches,  unless  otherwise  specified. 

6.  Prior  to  each  test  the  heaters  are  to  be  completely  disassembled 
and  inspected  visually.  All  accessories  such  as  the  pump,  control 
valve,  flame  detector  switch,  ignitor,  etc.  are  to  be  checked 
according  to  manufacturer's  specifications. 

7.  All  electrical  and  fuel  leads  to  the  source  are  to  be  separate  for 
each  unit. 

6.  Maintain  a  chronological  log  for  duration  of  each  test. 

9.  Note  any  design  or  operational  deficiencies  and  photograph  if 
possible. 


TEST  PROCEDURE; 


Phase  I,  Electrical  Test 

1.  At  room  temperature,  determine  the  voltage  drop  and  current 
requirement  of  each  electrical  component  at  all  the  variable 
electrical  conditions,  such  as  high  and  low  heat,  starting 
and  running* 

2.  At  room  temperature,  determine  the  effects  of  23.5  volts  on 
the  electrical  components  for  24  volt  heaters  and  14*25  volts 
for  12  volt  heaters* 

3#  At  -65  F  to  -70  F  determine  lowest  voltage  at  which  the 
heaters  will  start  and  operate. 

Phase  II,  Heater  Efficiency  Test 

Determine  the  heater  efficiency  by  obtaining  fuel  consumption, 
air  flow,  and  air  temperature* 

Obtain  and  record  the  following  data: 

1.  Fuel 

a.  height  fuel  consumed  during  the  run 

b.  Length  of  time 

c.  Temperature  of  fuel  at  source 

d.  Heating  value  of  fuel 

2.  Air  and  Exhaust 

a*  Inlet  arid  outlet  ventilating  air  temperature 

b.  Inlet  combustion  air  temperature 

c.  Exhaust  temperature  and  pressure 

d.  Ventilating  air  blower  speed 
e*  Air  flov;  from  heater  outlet 
f.  CO  content  of  ventilating  air 

Phase  III,  Tilt  Test 

Conduct  this  test  at  ambient  temperature  of  -05  F  to  -70  F 
with  the  heater  on  a  tilting  table. 

1.  Determine  the  maximum  starting  angle  when  the  heater 
is  rotated  around  its  longitudinal  axis  clockwise  and 
counter-clockwise. 

2.  Determine  maximum  running  angle  when  the  heater  is  rotated 
around  its  longitudinal  axis  clockwise  and  counter-clock¬ 
wise. 
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TEST  PROCEDURE  (CONT'D): 


3»  Determine  maximum  starting  angle  when  the  longitudinal 
axis  of  the  heater  is  tilted  above  and  below  the  hori¬ 
zontal. 

4.  Determine  maximum  running  angle  when  longitudinal  axis 
of  the  heater  is  tilted  above  and  below  the  horizontal. 

Record  the  following  data. 

1.  Temperatures 

a.  Ventilating  air  inlat  and  outlet 

b.  Combustion  air  inlet 

c .  Exhaust 

d.  Case  temperature 

2.  Electrical 

a.  Voltage 

b .  Starting  current 

c.  Running  current 

d.  Purging  current 

3.  Time 

a.  Starting  time 

b.  Ignitor  time 

c.  Purging  time 

Five  successful,  consecutive  starts  or  trials  will  be 
considered  as  satisfactory  at  the  —  ximm  angle  of  rotation 
or  tilt  of  the  heater  for  starting  and  running. 

Phase  IV,  Cycling  Teats 

Conduct  this  test  at  ambient  temperature  of  -65  F  to  -70  F 
for  100  cycles.  Each  cycle  shall  consist  of  starting  the 
heater,  running  the  heater  for  15  minutes,  purging  the  heater 
and  cooling  it  for  1  hour  and  5  minutes.  Record  the  same  data 
for  each  cycle  as  specified  in  Phase  III. 


TEST  PROCEDURE  (COKT'D): 

Phase  V ,  Continuous  Operation  Test 

Conduct  this  test  at  ambient  temperature  of  -65  F  to  -70  F 
for  200  hours  of  continuous  operation.  Record  the  same  data 
as  specified  in  Phase  III,  and  in  addition,  weigh  the  combus¬ 
tion  chamber  before  and  after  the  test.  If  possible  record 
the  outlet  velocity  of  the  ventilating  air. 

Phase  VI,  Vibration  Test 

Vibrate  the  heater  at  20  cps  and  with  a  total  excursion  (below 
and  above  the  mean  axis}  of  one-eighth  inch  for  24  hours  in  6 
hour  periods.  The  first  8  hour  period  shall  be  conducted  with¬ 
out  operating  the  heater.  The  last  16  hours  shall  be  conducted 
with  the  heater  in  operation.  The  heater  will  be  inspected 
after  each  8  hour  period.  For  the  last  16  hour  period  record 
data  as  specified  in  Phase  III,  and  also  record  CO  content  of 
ventilating  air. 


CONCURRED  BY: 

fK> 


APPROVED  BY  Reviewed  By: 
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APPENDIX  B 


Exanple  of  Standard  Deviation  Calculation 


EXAMPLE  OF  STANDARD  DEVIATION *  CALCULATION 


s  -  c  Iz fd2  -  md2  md  a  ^fd 

>V  n  n 

s  ■  standard  deviation 
c  a  common  difference 
f  3  frequency 

d  a  deviation  from  reference  point  of  each  item 
in  multiple  of  c 
n  *  number  of  items 
m^  •  mean  of  all  deviation 
Xq  *  reference  point 


X 

f 

d 

fd 

fd* 

n  s 

100 

26.5 

1 

-3 

-3 

9 

c  ■ 

V 

2 

32.5 

28.5 

9 

-2 

-18 

36 

30.5 

11* 

-1 

-11* 

11* 

0  = 

2// 1».88  -  .1*621* 

32.5 

26 

0 

0 

0 

8  ■ 

2  V  1*»1*176 

3l*.5 

27 

27 

8  * 

2  x  2.102  »  1*.20 

27 

1 

36.5 

12 

2 

21* 

1*8 

38.5 

7 

3 

21 

63 

1*0.5 

1 

1* 

1* 

16 

1*2.5 

1 

5 

5 

25 

50.5 

1 

9 

9 

81 

58.5 

1 

13 

13 

169 

% 

100 

68 

1*88 

2/n 

.68 

U.88 
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Performance  Torts  of  V\ve  Por:.*onn»iL  Heater 
Assemblies 


IABOIMTOiiliLS  DIVISION 
Development  and  Ihgineering  Department 
DETROIT  A3S3IAL 


FORK  B 

Date:  26  May  1952 

SUBJECT:  Import  of  Perfonnance  Tests  for  Five  Personnel  Heater  Assemblies 
TO:  Low  Temperature  Laboratory  -  Attention:  Mr.  Ray  Brozek 

Material  received  on  Job  Order  No.  60I48  was  tested  as  described  in 
the  Test  Procedure,  with  results  as  follows: 

A*  Purpose  1 

1.  To  detenaine  the  heater  perfonnance  (air  temperature  rise, 
air  delivery,  fuel  flow,  heat  output,  efficiency*  and  power 
consumption)  of  heater  assemblies  A,  B,  C#  E*  and  F. 

2.  To  determine  the  static  pressuro  developed  by  the  heater 
ventilating  air  blower  at  zero  air  delivery  for  each  heater 
assembly  tested. 

B.  Results  and  Conclusions: 

Tho  test  results  obtained  are  summarized  as  follows: 


1.  Heater  Performance: 


Heater 

Heat 

Range 

Temp. 

Rise 

Op 

Air 

Flow 

eftn 

Fuel 

Flow 

cc/mln 

Heat 

Output 

btu/hr 

liff. 

Power 

Consumption 

watts 

A 

high 

263 

285.5 

U8.8 

53,350 

52.  It 

198 

B 

high 

273 

U16 

23.5 

28,100 

56.6 

no* 

C 

high 

217 

126 

15.9 

20,725 

62.9 

U8 

C 

low 

88 

116.5 

7.33 

9,160 

60.8 

1*6 

E 

high 

221 

108 

16.6 

18,075 

53.7 

60 

E 

low 

116 

101.5 

6.61 

10,220 

55.2 

60 

F 

high 

172 

1U6 

I5.lt 

20,300 

62.7 

60 

F 

low 

70 

138 

6.92 

8,980 

61.7 

60 

For  more  detailed  results,  reference  may  be  made  to  Table  I. 
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Static  pressure  developed  ty  the  heater  ventilating  air 
blower  at  zero  air  delivery i 


Heater 


A 

B 

C 

E 

F 


Static  Pressure 
(in.  HqO) 

lt.07 

3.32 

1.2$ 

1.U8 

0.85 


Approved  byi 


Beported  bjri 


Vberl  E.  Thibodeau 
Chief,  Power  Plant  Laboratory 


Albert  W.  canon 


TEST  APPARATUS: 


1.  Plenum  chamber,  2  feet  :c  2  feet  ;c  k  feet,  covered  with  2  inches  of 
fiber  glass  insulation  (Figure  lc) 

2.  2  inch  diameter  Bureau  of  Standards  typo  nozzle 

3*  3-inch  diameter  Bureau  of  Standards  type  nozzle  (Figure  lc) 
h.  9  inch  diameter  outlet  duct,  9h  inches  long  (Figure  2c) 

5.  Auxiliary  exhauster  installation,  consisting  of  ventilating  fan 
assembly,  Ordnance  Number  7722221  (Figure  2c)  v/ith  control  damper 

6.  Fuel  tank,  2  gallon  capacity  (Figure  3c) 

7.  Skinner  purifier  filter,  Model  Mo*  h73hhl,  Skinner  Company  (Figure  3c) 

8.  Fuel  pump,  12  volt,  Ordnance  Mo.  735U018 

9*  Fuel  pump,  2h  volt,  Ordnance  Mo.  735U01U  (Figure  3c) 

10.  Glass  flask  -  capacity  approximately  one  quart  (Figure  3c) 

11.  Miscellaneous  copper  tubing,  valves,  and  neoprene  hose  (Figure  3c) 

12*  Scale,  Toledo  Scale  Company,  Model  Mo.  860999,  range  0-5  kilograms, 

1  gram  sensitivity  (Figure  3c) 

13.  Stop  watch  (Figure  3c) 

lU.  Brown  Potentiometer,  Serial  Wo.  5hll53,  forty-sight  stations,  range 
-100  to  600  7  (Figure  he) 

15.  Pyrometer,  hoskins  Thermo-Electric,  gerial  ilo.  25028,  range  0  -  2000  ? 
(Figure  he) 

16.  Air  temperature,  seventeen  thermocouples  (eight  with,  and  nine  without 
radiation  shields) 

Fuel  temperature,  one  thermocouple 

Exhaust  gas  tcmperatxire,  one  thermocouple 

17.  Two  piezometer  rings  with  .OI4O  inch  diameter  static  pressure  holes 
spaced  6  inches  apart 

18.  Piezometer  ring  with  four  Q.OhO  inch  diameter  static  pressure 
holes  equally  spaced 
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19.  8  feet  of  1  1/2  inch  diametjr  flexible  exhaust  tubing 

20.  8  feet  of  2  inch*  dia.v;t^r  flexible  exhaust  uubing 

21.  Two  inclinometers,  range  0  to  6  inches  1^0  (Figure  he) 

22.  Inclined  draft  oube  (Figure  he) 

23.  Variable  resistor,  carbon  pile.  Labor  at  oiy  No.  CL-726h  (Figure  he) 
2h.  Voltmeter,  Laboratory  Mo.  r,I^-709U,  range  0-30  volts  (Figure  Uc) 

25.  Voltmeter,  Laboratory  No.  21^7580,  range  0  -  !?0  volts  (Figure  Uc) 

26.  Ammeter,  Laboratory  No.  CL-711U,  range  0  -  100  amperes,  with 
shunt  (Figure  he) 

27.  Converter,  a-c  to  d-c,  Laboratory  No.  CL-1999!>0  (Figure  he) 

26.  Storage  batteries,  6  and  12  volts 

29.  2h-volt  powor  supply 

30.  Psychrometer  and  barometer 
TOST  PXCEOURF: 

The  test  apparatus  was  set  un  as  shown  in  figure  5c.  It  consisted 
essentially  of  equipment  to  regulate  and  measure  air  flow  through 
the  heater,  to  obtain  air  temoorature  rise  through  the  heater,  and  to 
detemino  the  fuel  flow. 

Air  Flow  -  lleasurement  md  regulations 

The  heater  assembly  was  mounted  to  the  front  plate  of  the  plenum 
chamber  (Figure  cc).  The  air  was  forced  into  the  plenum  chamber 
the  ventilating  air  blower  ot  the  heater  assembly,  passed 
through  tiie  plenum  chamber,  nozzle,  and  the  outlet  duct,  and  was 
discharged  into  the  atmosphere  by  the  auxiliary  exhauster  (Fig.  5c). 

With  the  heater  operating,  the  air  flow  of  the  auxiliary  blower 
was  adjusted  by  means  of  the  damper  assembly  to  obtain  atmospheric 
pressure  at  tho  heater  outlet  inside  the  plenum  chamber  (as 
indicated  by  tho  inclined  draft  tube  shown  in  vigure  5c).  This 
condition  simulated  heater  operation  at  "free  delivery";  that  is, 
the  heater  discharged  directly  into  the  atmosphere  without  over¬ 
coming  the  restriction  imposed  by  :uiy  external  duct  system.  Any 
such  external  duct  system  would  decrease  thu  air  delivery  of  the 
heat.  r. 
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The  air  delivery  of  the  heater  was  obtain.!  by  measuring  the 
pressure  drop  across  a  Bureau  of  Standards  type  nozzle  (as 
indicated  by  inclinometer  No.  A,  Figure  5c).  A  sixteen  mesh 
screen  was  placed  twelve  inches  upstream  from  the  nozzle  in 
order  to  diffuse  the  air  discharged  by  the  heater,  and  obtain 
a  more  suitable  air  flow  pattern  ahead  of  the  nozzle. 

A  two  inch  diameter  nozzle  was  used  for  all  the  heaters  tested 
with  the  exception  of  Heater  A.  The  increased  air  delivery 
(288  efta  versus  average  130  cfm)  necessitated  the  U3e  of  a 
three  inch  diameter  nozzle. 

The  method  used  to  calculate  the  air  flow  from  the  observed 
pressure  drop  across  the  nozzle  is  described  in  Appendix  C-l. 

Determination  of  Air  Temperature  Rise  through  the Heater: 

The  inlet  air  temperature  of  the  heater  was  obtained  as  the 
average  reading  of  two  thermocouples  placed  approximately  one 
inch  upstream  of  the  heater  ventilating  air  blower. 

The  heater  outlet  temperature  was  obtained  by  a  series  of  three 
grids  of  four  thermocouples  each  (Figure  5c).  Two  of  these 
grids  (each  equipped  with  four  shielded  thermocouples)  were 
placed  6  inches  and  12  inches,  respectively,  downstream  from 
the  heator  outlet.  On  each  grid,  the  thermocouples  were  placed 
directly  in  the  air  stream  discharged  from  the  heater.  The 
third  grid  (with  four  unshielded  thermocouples)  was  installed 
approximately  three  inches  downstream  of  the  Bureau  of  Standards 
type  nozzle. 

The  average  air  temperature,  obtained  with  the  grid  located  12 
inches  downstrean  from  the  heater,  was  used  as  the  heater  outlet 
air  temperature  for  all  tests  with  the  exception  of  those  con¬ 
ducted  with  Heater  A.  For  Heator  A,  the  average  air  temperature 
obtained  for  the  grid  downstrean  from  tho  Hureau  of  Standards 
type  nozzle  was  used  as  the  heater  outlet  air  temperature. 

Da termination  of  Heat  Output: 

The  heat  output  of  the  heater  was  determined  as  follows: 

Heat  output  *  air  delivery  x  air  specific  heat  x  air  temperature  rise 
(btu/hr)  (lb/hr)  (btu/lb  °F)  (°F) 


The  air  delivery  (lbs/iir)  './a?,  obtained  as  the  product  of  the 
air  flow  (cfm),  calculated  fr»“  t::e  pressure  droo  across  a 
f)uroau  of  dtandar  -.is  type  no  a  ale,  rr.d  b-.j  air  density  (lbs/cu.ft). 
Tie  air  specific  .v.-at  as  con:  t'.nt  pressure  ..•‘is  calculated,  making 
allowance  for  one  w.'-tor  vapor  pro.ens.  Tiio  air  tonp  arc  sura  rise 
was  obteinod  as  too  .ifferonco  of  the  observed  inlet  and  outlet 
air  bomoerntur '"or  the  detailed  calculations  of  tho  heater 
output,  refer , nee  «.•'*'  oh  mode  to  ,\p;K:ndi.{  0-1. 

Measurement  of  ’Mol  Consumption: 


A  schematic  sketch  of  she  fuel  m-TV-urinc  system  is  shown  in 
Figure  7c.  Fuel  uas  supplied  *>o  tiu  heater  oy  one  of  two  sources, 
a  fuel  tank  or  a  class  flask;  either  source  coaid  be  connected  to 
the  heater  fuel  line  by  means  of  a  stop  cod;  and  needle  valve. 

To  measure  the  fuel  consumption,  fuel  was  supplied  to  the  heater 
from  a  glass  flask  placed  on  a  scale.  The  fuel  consumption  was 
calculated  from  olio  recorded  time  required  to  burn  a  definite 
weight  of  fuel. 

The  fuel  temperature  was  observed  by  moans  of  a  thermocouple 
located  at  the  junction  of  olio  fuel  supoly  line  to  the  heater. 

Determination  of  Heater  efficiency : 

The  efficiency  of  tn<.  heater  assembly  was  obtained  as  the  ratio 
of  the  heat  output  (page  [,)  to  tne  heat  input  supplied  to  the 
heater  by  the  fuol. 

The  heat  input  by  the  fuel  (btu/hr)  was  obtained  as  the  product 
of  the  fuel  consumption  (lbs/nr)  and  the  heating  value  of  the 
fuel  (btu/lb);  the  latter  war.  obtained  by  an  adiabatic  calorimeter 
(Appendix  C-2). 

Measurement  of  l&chnust  Condition: 

All  heater  tests  were  conducted  with  eight  feet  of  1  l/2  inch 
diametor  flexible  hose  connected  to  tho  heater  exhaust  with  the 
exception  of  neater  A.  The  large  exhaust  of  the  latter  necessi¬ 
tated  the  use  of  eight  feet  of  2  inch  diameter  flexible  hose. 

The  exhaust  back  pressure  at  the  heater  outlet  was  observed  by 
inclinometer  B  (Figure  5c).  The  exhaust  gas  temperature  was 
measured  by  a  thermocouple  placed  two  inches  below  the  pressure 
tap  in  the  flexible  hose. 


Measurement  of  Heater  Power  Consumption: 

The  power  supply  circuit  is  shown  in  FL  'jure  Cc.  The  power 
consumption  of  the  heater  acsemblv  was  determined  as  the 
product  of  the  observed  voltage  .ana  current. 


Tests  Performed: 


A*  Heater  Performance 


The  performance  at  "high  heat'1  and  "low  heat”  was  obtained 
for  five  heaters  (Code  Numbers  A,  B,  C,  2  and  F),  following 
the  procedure  as  described  above.  A  sample  of  the  readings 
taken  and  the  calculations  of  the  neater  performance  is  given 
in  Appendix  0-1. 


B.  Static  Pressure  of  Heater  Ventilating  Air  Blower  at  Zero 
Delivery 

Tests  were  performed  to  determine  the  ma:dmum  static  pressure 
developed  at  zero  delivery  by  the  heater  ventilating  air 
blower. 


Zero  delivery  was  obtained  by  removing  the  air  outlet  duct 
(Figure  lc)  and  scalin’;  the  outlet  of  the  Bureau  of  Standards 
type  nozzle,  hith  die  heater  ventilating  air  blower  operating, 
but  without  supplying  fuel  to  the  heater,  the  maximum  static 
pressure  produced  in  oho  plenum  chamber  was  observed.  The 
observed  static  pressure  values  were  corrected  to  "standard 
air"  (0.075?  Ibs/cu.  ft.  air  density)  as  follows: 

Corrected  btatic  Pressure  (In.  =  Observed  Static  Pressure 

(In.  H20)  x _ 0.07$ _ 

Observed  Air  Density  (lbs/cuTft) 


RESULTS  AND  DISCUSSION: 

A.  Heater  Performance 

The  results  of  the  performance  tests  conducted  with  Heater  A*  B,  C, 
E,  and  F  are  summarized  in  Table  I. 
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Heater  C: 


A  condensed  suimnuiy  of  the  performance  test  is  fdven  below: 


Heat 

Inlet 

Temp. 

Air 

Fuel 

Heat 

Date 

Range 

Air 

Pj.se 

Flow 

Flow 

Output 

3ff. 

oF 

Op 

cfln 

% 

26 

liar 

high 

76 

217 

125 

16.0 

20,600 

62. U 

9 

Apr 

high 

81 

217 

127 

15.8 

20,850 

63.li 

2$ 

Kar 

low 

86 

9h 

116 

7.10 

9,680 

66.2 

9 

Apr 

low 

87 

62 

117 

7.56 

6,680 

55.5 

The  teso  accuracy  of  tho  various  items,  listed  in  the  above 
table  is  estimated  to  be  as  follows: 


Temperature  difference  variation 

/  .  % 

Air  flow 

£1% 

Fuel  flow 

£  1  i 

Heat  output 

£z-M 

Efficiency 

£  3.5S 

These  test  accuracies  aiv  also  applicable  to  tho  perf onnance 
tests  conducted  idth  Heaters  A*  B*  K,  and  F. 

The  condensed  summary  indicator,  that  the  two  values  obtained 
for  heat  output  (20,600  and  20,650  btu/hr)  and  the  correspond¬ 
ing  efficiency  (62. U  and  63. !»'•  at  "high"  heat  are  well  within 
the  estimated  test  accuracy.  However,  the  variation  of  heat 
output  (96C0  and  6610  btu/'ir)  .-and  the  corresponding  efficiency 
(66.2  and  55.5/0  obtained  for  the  two  test3  conducted  at  "low1 
heat  are  not  within  the  estimated  test  accuracy.  T  t  is 
believed  that  the  observed  change  in  the  heat  output  and  the 
efficiency  is  due  to  tho  variation  in  fuel  flow  (7.J  )  and 
7.56  cc/min). 


Heater  F: 


A  condensed  summary  of  the  performance  test  is  given  below: 


Heat 

Inlet 

Tcmo. 

Air 

Fuel 

Feat 

Date 

P.aru'e 

Air 

Rise 

Flow 

Flow 

Output 

Sff. 

Op 

°F 

cfm 

cc/min 

btu/lir 

% 

27  Mar 

hi#i 

eo 

172 

Ui6 

15. h 

20,300 

62.7 

27  Mar 

low 

7G 

70 

138 

6.92 

8,960 

61.7 

Prior  to  conducting  tests  on  this  heater,  a  new  firing  head 
was  installed,  because  the  one  furnished  with  the  heater 
assembly  failed  to  support  coralxistion. 


Heater  B: 


A  condensed  summary  of  the  performance  test  with  "high"  heat 
is  given  below: 


Heat 

Inlet 

Temp. 

Air 

Fuel 

Heat 

Date 

Range 

Air 

Rise 

Flow 

Flow 

Output 

Eff. 

°F 

°F 

cfm 

cc/min 

btu/hr 

% 

10  Apr 

high 

7lt 

273 

lit6 

23.5 

28,100 

56.6 

The  fuel  regulator  originally  furnished  with  the  heater  assembly 
did  not  function  properly,  thus  causing  irregular  fuel  flow  at 
both  "high"  and  ••low"  heat.  A  new  regulator  was  installed 
prior  to  conducting  the  performance  test  listed  in  the  above 
table.  The  now  fuel  regulator  eliminated  the  fuel  flow  irregu¬ 
larities  at  "high"  heat;  however,  variations  in  fuel  consumption 
as  high  as  21tf  were  still  observed  at  "low"  heat.  It  was, 
therefore,  impossible  to  conduct  satisfactory  performance  tests 
at  "low"  heat. 

Heater  Ei 


A  condensed  summary  of  the  performance  test  is  tdven  in  the 
table  below: 


Date 

Heat 

Range 

Inlet 

Air 

Temp. 

Rise 

°F 

Air 

Flow 

cfk 

Fuel  Heat 

Flow  Output 
cc/min  btu/hr 

LXf. 

c* 

;j 

2  Apr 

high 

82 

229 

108 

17.8 

16,500 

50.9 

li  Apr 

high 

71* 

212 

108 

15.3 

17,650 

56.5 

1  Apr 

low 

80 

118 

102 

8.53 

10,31*0 

53.6 

1»  Apr 

low 

75 

m 

101 

8.68 

10,100 

56.8 

In  order  to  determine  the  cause  of  the  observed  variation  1< 
fuel  consumption  (16£)  at  "high"  heat,  the  fuel  regulator 


assembly  was  removed  from  the  hector  case  and  connected 
to  the  2)-voli  supply  circuit.  After  r.  one  hour  test  run 
the  fuel  regulator  housin'  re  ached  a  temperature  of  150  F. 
This  indicated  that  the  fuel  flow  variation  at  "high"  heat 
may  have  been  die  to  vapor  lcclc. 

Heater  As 


The  condensed  summary  of  the  "high"  heat  per  'ormance  test 
is  given  below: 

Heat  Tnlet  Temp.  Air  Fuel  Heat 
Date  Range  Air  Rice  Flow  Flow  Output  Eff. 

°F  °f  cfm _ cc/min  btu/hr  % 


12  Apr  high  75  2h9  208  Ii8.2  52,200  51*9 

lit  Apr  high  7li  277  203  li9«U  5U,500  52.9 

After  the  test  conducted  on  12  April,  it  was  necessary  to  install 
a  new  ventilating  air  blower  motor j  the  bearing  located  on  the 
combustion  air  fan  side  failed  (Figure  9c). 

"Low"  heat  operation  could  not  bo  obtained  with  the  fuel 
regulator  originally  furnished  with  the  heater.  A  new  fuel 
regulator  was  installed}  nowovur,  "low"  heat  operation  was 
still  impossible. 

B.  Static  Pressure  of  Heater  Ventilating  Air  Blower  at  Zero 
Delivery: 

The  table  below  summrriwcs,  for  each  heater  tested,  the 
static  pressure  developed  br  the  ventilating  air  blower 
at  zero  delivery,  f  e  pressure  values  are  corrected  to 
"standard  air"  (0.075  lbs/cu.ft  air  density): 

Static  Pressure 
(in.  HqO) _ 

U.07 

3.32 

1.25 

1.U6 

0.85 


Heater 

A 

B 

C 

E 

F 
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INCL05URES! 


1.  Table  T  -  Summary  of  Test  Results 

2.  Figure  lc  -  Personnel  Heaters,  Gasoline  Burning  Type.  Test  Set-up, 

Plenum  chamber  and  Nozzle  Installation  (Nog*  No.  30508) 

3.  Figure  2c  -  Personnel  Heaters,  Gasoline  Burning  Typo*  Test  Sot-up, 

Plenum  Chamber,  Outlet  Duct,  and  Auxiliary  Exhauster 
(Nog.  No.  3058?) 

it*  Figure  3c  -  Personnel  Heaters,  Gasoline  Burning  Type.  Test  Set-up, 

Equipment  for  Measuring  Fuel  Consumption  (Neg.  No.  30585) 

5*  Figure  ho  -  Personnel  Heaters,  Gasoline  Burning  Typo.  Test  Sot-up, 
Instrumentation  (Neg.  No.  3058li) 

6.  Figure  5c  -  Schematic  View  of  Test  Set-up 

7.  Figure  6c  -  Personnel  Heaters,  Gasoline  Burning  Type.  Test  set-up. 

Heater  Installation  (Meg*  No.  30586) 

8.  Figure  7c  -  schematic  View  of  Fuel  Measuring  System 

9.  Figure  8c  -  Diagram  of  Power  Supply  Circuit 

10.  Figure  9c  -  Personnel  Heater.  Gasoline  Burning  Type.  Code  A* 

Heater  Combination  Ventilating  and  Combustion  Blower 
Motor,  showing  Failed  Bearing,  during  Ffficiency 
Test  (Neg*  No.  30U37) 

Appendices: 

C-l  -  Sample  Calculations  for  Hoauer  Performance  Test 
C-2  -  Fuel  Analysis  Report 
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Figure  6c 

Test  set-up;  heater  installation 
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Figure  8c 


Figure  9c 

Code  A  heater;  combination  ventilating  and 
combustion  blower  motor  showing  failed  bearing 
during  efficiency  test 


APPENDIX  C-l 


Sample  calculations  for  heater  perfomance  test 


SAMPLE  CALCULATT01JS 

koh  pr^OiKAiic ;  t^.:ts 

HE  AT  Ml  A  11  HIGH  ILEAT" 

For  the  complete  set  of  observed  data,  reference  may  be  made  to  the  sample 
data  sheets,  pages  6,  7,  and  t  of  this  Appendix  (Ol) 

Do termination  of  Air  Flow: 

1.  Mixture  density  at  the  nozzle 

Ps  s  Pw  -  (Pb  -  Pw)  (fcd  -  Sf) 

— 7m  “r.i 

ps  s  water  vapor  pressure  at  inlet  conditions  (In.  hg.) 

Pw  =  water  pressure  at  wet  bulb  temperature  (In.  Hg.) 

p^j  -  corrected  barometric  pressure  (In.  Hg.) 

“  dry  bulb  temperature  (F) 

ty  -  wet  bulb  temperature  (F) 

p„  »  0.1*052  -  (29.11  -  0.1*052)  (68.5  -  53)  *  .2122  In.  Hg. 

8  - 2  BOO  -  XT?  T!>T) - 

W8  =  0.622  Ps 

Pb  "  Ps 

Ws  *  weight  of  water  vapor  per  lb.  of  dry  air 

Vs  s  0.622  0.21*22 _  =  0.00520  lbs  water  vapor 

29.11  -  0.21*22  lb.  dry  air 

Aa  2  1*326  <Pb  -  °«378  p8 
U60  /  tn 

-  mixture  density  at  oho  nozzle  (lbs/cu.  ft*) 

tn  -  temperature  at  the  nozzle  (F) 

=  1.326  (29,11  -  0*370  x  0.2U22)  =  0.01*75  lbs/cu.  ft 
1*60  /  351 
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2.  Volume  of  air  flow 


Q 

Q  =  volume  of  air  flow  (cfm) 

1062  r  nozzle  coefficient 

A  =  area  of  Bureau  of  Standards  type  (sq.  ft) 

=  pressure  drop  across  the  nozzle  (In.  H2O) 

Q  =  1082  x  TT  (3)2  /  1.3$  *  283  efta 

u  x  u-u  a/  0.01*75 

3.  Weight  of  air  flow 

Wa  ■  Q  x  T}, 

v;a  =  wcin'at  of  air  flow  (lbc/hr) 

:;a  =  283  x  ex)  X  0.01:78  =  10b  ibs/hr 
rbbemination  of  Heat  Outfit: 

1.  Specific  hoat  of  dry  .dr 

(cp)a  =  0.21:312  /  0,00000ft 

(c  )  =  rp.-eific  :i<  at  of  drv  air  at  eon.'.unnt  oressure 

p  a  (btu/’b.  '•') 

t  =  mean  t< nturo  of  inlet  anil  outlet  air  (F) 

(cD)  =  0.21:312  /  0.0000109  (20.3)  =  0.2):30)i  btu/lb.F. 

2.  Specific  h-nt  of  .-at.  r  vapor 

(<•)  -  0.U: 23  /  0.00001 8t 

P  WV 

(c  )  -  specific  heat  of  water  vapor  at  constant  pressure 

p  w  (btu/lb.  F.) 

fn  )  =0  M23  /  0.000018  (23  3)  =  0.UH613U  btu/lb.  F. 

' Up'WV  "  7 

C-i 


3.  Specific  heat  of  air-.;r>L  va;or  mixture 

cp  "  ^cp^a  ^  “Z  ^cp^7V 

T7^ 

Cp  =  specific  h  ao  of  air-water  vapor  fixture  at  constant 
pressure:  (blu/lb.  F. ) 

W,.  s  weight  of  water  vawor  per  lb.  U.y  air 
Cq  a  0.21,301:  /  (.OOSI2)  (.Uti6l3)0  =  -21,1:1  btn/lb.  F. 

1  /  0.00V20 

l,.  Heat  output 

H  *  V7a  x  cp  x  (t0  -  ti) 

H  ■  heat  output  (btu/hr) 

Wa  =  weight  of  air  flow  (lbc/nr) 

t0  *  outlet  air  temperature  (F) 

=  in2ot  air  temp,  rautre  (F) 

H  =  606  x  0.210*1  x  (3i>J  -  YU)  3  bli,S00  btu/lir 

Do termination  of  Fuel  Plow: 

1.  YJcight  of  fuel  flow 

Wr  =  w  x  3610  see  x  O.OL^Jl>  lbs 
£  TITr  f^rair 

Uj*  -  weight  of  fa.  1  flow  (ibu/iir) 

w  =  weight  of  fuel  flow  (Vrams) 

t  s  time  to  bui-n  weight  of  fuel  flow  (sec) 

%  *§U  3600  x  0.02?)!^  =  I1.72  lbs/lir 
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2.  Volume  of  fuel  flow 


V  =  volume  of  uj!  i’Iovj  (cc/run) 

s.g.  z  specific  brevity  of  uh»j  fuel  (  :rnrcs/cc) 

The  specific  gravity  of  the  fuel  (0 * 72U  with  respect  to 
water  at  60  )  was  o^t ainuri  with  a  hydrometer  for  a  fuel 

temperature  of  60  7.  However,  the  actual  fuel  temperature 
observed  during  the  test  was  b3  K.  The  correction  of 
specific  gravity  for  the  ten,.  >erature  change  (60  F  to  80  F) 
would  decrease  the  r.  >ucific  gravity  approximately  1^.  This 
change  was  considerc i  insignificant  and  therefore  neglected. 

V  s  50  x  60  x  1  *  liSh  cc/min 

BU  .7217 

Determination  of  Heater  efficiency: 

Efficiency  =  heat  output  -  float  output 
heat  input  x  H.V. 

s  weight  of  fuel  flow  (lbs/nr) 

:  heat  n  ;  value  of  the  fuel  (btu/lb)  (Appendix  C-2) 

Efficiency  »  5U ,  5^0 _  - 

lu?2  (21,650) 

Determination  of  Po.cr  Consumption: 

Power  (watts)  -  voltage  (volts)  x  current  (amps) 

Power  =  12  x  16.5  -  196  watts 
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HEATER  A  -  EFFICIENCY  TEST 


HIGH  HEAT 


Start 

Finish 

Time 

1500 

1900 

Barometric  Pressure 

29.09 

29.13 

Vet  bulb  temp* 

53 

53 

Tty  bulb  temp* 

70 

68 

Dates  11s  April  1952 

*lst  Grid  -  TC  Us,  5, 6, 7 
2nd  Grid  -  TC  #8,9,  10,  11 
3rd  Grid  -  TC  #12, 13, Us, 15 


TIME  VENT  AIR  COMB. 

INLET  AIR  AIR  OUTIET  TIMPHttTUHES 

_ TIMP. 


1 

2 

3 

1* 

5 

6 

7  _ 

8 

9 

10 

11 

12 

13 

11* 

15 

1600 

71 

71 

- 

3U» 

319 

310 

1*01* 

335 

330 

330 

361 

31*6 

31*7 

31*7 

31*6 

1610 

71 

71 

- 

311* 

316 

308 

396 

337 

330 

330 

359 

31*5 

31*1* 

31*1* 

31*1* 

1620 

72 

72 

- 

313 

319 

3L0 

399 

336 

330 

329 

358 

31*5 

31*1* 

31*1* 

31*1* 

1630 

72 

72 

- 

313 

323 

310 

1*00 

336 

331 

331 

357 

31*6 

31*7 

31*6 

31*5 

161*5 

72 

72 

- 

3H* 

321 

308 

1*02 

336 

331 

329 

360 

31*7 

31*8 

31*8 

31*8 

1700 

73 

73 

- 

311* 

320 

309 

1*00 

336 

330 

328 

359 

31*8 

31*7 

31*8 

31*6 

1715 

71* 

71* 

- 

310 

322 

308 

1*01 

332 

328 

328 

358 

31*6 

31*5 

31*5 

31*5 

1730 

71* 

71* 

- 

312 

326 

309 

1*01* 

331* 

332 

330 

355 

31*7 

31*6 

31*6 

31*7 

171*5 

71* 

71* 

- 

316 

328 

313 

1*07 

337 

335 

331* 

363 

350 

351 

351 

351 

1800 

71* 

71* 

- 

319 

328 

312 

1*08 

338 

336 

335 

361* 

352 

352 

352 

352 

1815 

7U 

71* 

- 

319 

327 

312 

1*08 

31*0 

336 

331* 

366 

352 

353 

353 

353 

1830 

71* 

71* 

- 

319 

326 

312 

1*08 

310 

336 

331* 

361* 

351 

351 

351 

351 

181*5 

71* 

71* 

- 

319 

326 

312 

1*07 

31*1 

336 

331* 

365 

351 

351 

351 

351 

1900 

71* 

71* 

. 

318 

325 

311 

1*07 

31*0 

336 

331* 

361* 

351 

351 

350 

351 

«See  Figure  5c 
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HEATER  A  -  EFFICIENCY  TEST 
HIGH  HEAT 


NOTE: 

Temp.  In  degrees  F 
Preeeure  in  inches 
of  water 


FUEL 

EXHAUST  GAS 

AXt 

DISCHARGE 

VENT  BLCWBR 

NOZEXS  FAN 
PRESS.  SPEED 

AUX. 

BITWER 

Temp. 

16 

Tims 

Sec. 

Weight 

Grams 

Temp. 

17 

Pressure 

Temp. 

18 

Press. 

Volt  Amp 

VOLTAGE 

7i* 

91*0 

.37 

132 

0 

12 

16.5 

1.30 

- 

27 

73 

930 

.37 

132 

0 

12 

16.5 

1.33 

as 

27 

71* 

91*0 

•  37 

131* 

0 

12 

16.5 

1.32 

- 

26 

71* 

85 

50 

950 

.37 

131* 

0 

12 

16.5 

1.32 

- 

26 

76 

85 

50 

950 

.38 

137 

0 

12 

16.5 

1.36 

- 

26 

76 

86 

50 

91*0 

.37 

137 

0 

12 

16.5 

1.36 

- 

26 

76 

88 

50 

91*0 

.37 

136 

0 

12 

16.5 

1.36 

m 

26 

76 

85 

50 

9  U> 

.35 

137 

0 

12 

16.5 

1.36 

- 

26 

77 

83 

50 

950 

.36 

lid 

0 

12 

16.5 

1.35 

- 

26 

77 

8lt 

50 

91*0 

.35 

11*1 

0 

12 

16.5 

1.35 

- 

26 

78 

91(0 

.35 

11*2 

0 

12 

16.5 

1.35 

- 

26 

78 

85 

50 

91*0 

.35 

11*2 

0 

12 

16.5 

1.35 

- 

26 

78 

85 

50 

930 

.35 

U*2 

0 

12 

16.5 

1.35 

- 

26 

78 

8U 

50 

930 

.35 

11*1 

0 

12 

16.5 

1.35 

- 

26 
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C'.IVI. :r  An  rise 


TBIJS 

II'LLT 

Op 

lijt 

Gltl1) 

°F 

2nd 

OiffD 

°F 

3rd 

GPJD 

°F 

At  1st 

OAJD 

Op 

At  2nd 

O.lED 

oF 

At  3rd 
G1UD 
°F 

1600 

71 

337 

339 

3)46.5 

266 

260 

275.5 

1610 

71 

333.5 

339 

31(14 

262.5 

268 

273 

1620 

72 

335 

338 

310( 

263 

266 

272 

1630 

72 

336.5 

339 

31-6 

26li.5 

267 

27b 

16U5 

72 

336 

339 

3U8 

261 1 

267 

276 

1700 

73 

336 

338 

3h8 

263 

265 

275 

1715 

7h 

335 

336.5 

3U5 

261 

262.5 

271 

1730 

7b 

338 

339 

31(6. 5 

26b 

265 

272.5 

17b5 

7k 

3bl 

31-2 

351 

267 

268 

277 

1800 

71* 

3h2 

31*3 

352 

266 

269 

278 

1815 

7k 

3!il.5 

31(14 

353 

267.5 

270 

279 

1830 

7k 

3ia 

3lt3.5 

351 

267 

269.5 

277 

18U5 

7k 

3lil 

3ld( 

351 

267 

270 

277 

1900 

7k 

3hO 

31(3.5 

351 

266 

269.5 

277 

AVEttAOE  T  'Mi\.;t\(’,Hi:  Ut*l! ;A;£Y  Jii.I  .T 
H  i\T.-3t  A  -  illAII  ii  :AT 


(J-l 

Y 


APPENDIX  C-2 


Fuel  Analysis  Report 


rorc-i  b* 

SUBJECT: 

TO: 


LABORATORIES  DIVISION 
Development  and  Engineering  Department 
Detroit  Arsenal 


Date:  17  April  1952 


Report  of  Test 

Power  Plant  -  Engine  LaborauDry 

Material  received  on  Job  Order  No*  60U8  was  tested  in 
accordance  with  instructions  thereon  with  results  as 
follows : 

A*  Purpose: 

To  determine  the  heat  of  combustion  and  the  specific 
gravity  of  several  choline  sanples. 

B.  Sample  Data: 

Five  samples  of  gasoline,  Automotive  Combat,  KIL-0-3056, 

Type  A,  were  submitted  by  the  Power  Plant-Engine  Laboratory* 

C*  Results: 

Test  results  appear  in  Table  I. 

D.  Conclusions; 

None* 


Inciosure  C  2 


TABLE  I 


Sanple 

Total  Heat  of  Combustion 
B.T.U./lb# 

Specific  Gravity 
60/60°F 

Heater  A 

21,850 

0.721* 

Heater  B 

22,000 

0.721* 

Heater  C 

21,630 

0.721 

Heater  E 

21,620 

0.728 

Heater  F 

22,100 

0.719 

*  Total  boat  of  combustion  at  constant  voluae  psr  unit 
quantity  of  gasoline.  Final  products i  Ash,  Gaseous 
COgi  SO 2,  and  liquid,  HgO * 


Materials  laboratory 


C  2 
2 


or*  0*90-1* 

.  l  F*b  yj  )*• 


LABORATORY  WORK  OROER 
(For  U«o  by  Oov.  A  Eng.  Ospt.  Only) 


ONONANCE  DEPARTMENT 
OCTROI  T  ARSENAL 


TO:  Chlsf,  ImMMy  Isborstorlss  Division 


DESCRIPTION  OF  WORK  IN  DETAIL: 


12  October  1951 


Frojeot  Engineer!  Robert  V,  Koi  Ext.  3-1222 
SUBJECT!  HMt«r9  Hr  Batumi  9 

1*  Tort*  art  to  bo  conducted  to  detoralne  tbo  durability  and  praetleablllty 
of  oubjeet  boater. 


2.  Tbo  following  tooto  or#  to  bo  aodo  ao  por  lneloood  toot 

a.  Vibration  toot. 

b.  Tilting  toot. 

e.  Cycling  toot,  100  eyeloo. 

d.  Continuous  operation  toot,  200  hours  ot  -65^. 

3.  Fornal  roport  lo  required  and  neoeeeery  photographs. 

VOTEt  lneloood  wiring  dlegren. 


Botiaato  ouladtted  tg  )b« 


9  Chief  of  Loo  taporatwo  1 
Ccnpoconte  Laboratory  Dir. 


COFT 


COMPLETION  NOTICE 


COMPLETION  DATE 


lab.  BR.  CHIEF 


LAB.  51V.  CHIEF 


SERIAL  no.  6QIS 

I  EST|9A *r  Mys*  not  be  EfCEEDED.  QuOTC  full  *.0.  I 

AND  FART  NOS.  CN  ALL  PROCl>RtM£ NT$  AND  JOI  CARDS. I  TTI^OaC 


El.  OROER 

•00  175 


CO«*F.  LAS.  LAIOR  ONLT 

1ST. 

MATttlAL  AND  HORN 

OF  CT«t N  DEPARTMENTS 

EST. 

CHIEF.  Ot V.  A  ENfi.  DEPT. 


*or*  O'MX.TA 
.1  F.N  $Q 


f 0:  Ch  lef. 


LABORATORY  VORK  ORDER 

(for  Uio  Ay  Oov.  |  Eng.  Dot.  Only) 


0 KAMA NCt  OCMtniENT 
OCTROI T  ARSENAL 


Liborttorlo*  Division 


6  November  1951 


DESCRIPTION  OF  HORN  IN  DETAIL: 


Project  Bagineert  Robert  V*'fos, 
SUBJECT  t  Heater  Teste 


&.*L. 


3-1222 


1*  Teats  ere  to  be  conducted  to  determine  the  durability  and  practicability 
of  the  following  heaters  using  heater  (a)  as  a  oontrol  heater. 


a*  Heater,  Personnel 
b.  Heater,  Personnel 


(21a  Tolt) 


c.  Heater,  Personnel  k  Engine  Preheater  (21a  Tolt)  30,000  B.T.U* 

d.  Heater,  Personnel  &  Engine  Preheater  (2U  volt)  60,000  B.T.U. 

2#  The  following  tests  are  to  be  made  as  per  inclosed  test  program* 
a*  Vibration  test* 

b.  Tilting  test. 

c.  Cycling  test,  100  cycles* 

d.  Continuous  operation  test,  200  hours  at  -65°  F* 


NOTBt  Inclosed  wiring  di  egret 


Estimate  submitted  by  Mr.  Raymond  Broeek,  Chief  of  Low  Temperature  Branch 

Components  Laboratory  Division 


COMPLETION  NOTICE 


COMPLETION  OATE 


LAI.  |R.  CHIEF 


serial  no.  C  o  *£&*'*/ 

I  ESTIMATE  must  NOT  IE  EXCEEDED.  QUOTE  FULL  *.0.  I  MOJ.  NO. 

ANO  PART  NOS.  ON  ALL  PROCUREMENTS  AND  JOR  CARDS.!  1T1-61|2 


LAS.  LAIOR  ONLY 


MATERIAL  ANO  WORK  tST. 

OF  other  departments 


LAI.  DIV.  CHIEF 


LA  SO II A  TOU Y  WORK  ORDER 
(For  Ub#  fry  D«v,  A  En«.  Dept.  Only) 


0  ROMANCE  DEPARTMENT 
OCTROI  T  ARSENAL 


F*r**o*»n'-n  1M4 
.  1  r*b  w  * 


TO:  Cfr  Uf, 


Lftfroratorloo  Olvlilon 


8  January  19$2 


C/tSCRI  PTIOR  OF  WORK  IN  DC TA  I  L : 


Project  Engineer t  Norwood  Johnson  Ext#  3-321*2 

SUBJECT t  Teat  of  Personnel  Heaters,  Gasoline  Burning  Type  for  Military  Vehicles, 

Since  the  release  of  Lab  Work  Order  No*  60l*8,  two  more  heaters  have 
become  available  for  test.  One  is 

termed  Code  E,  It  is  desired  to  test  Code  E 
heater  under  the  same  conditions  as  Code  A,  B,  C  and  D,  The  second  heater  is 

modified  with  preheater  and  is  designed  to  operate 
at  any  angle  of  tilt.  This  heater  should  be  run  on  the  electrical  and  tilting 
phases  of  subject  Lab  Work  Order  only.  The  Model  is  to 

be  termed  Code  F, 


Estimate  cost  furnished  by  H,  Wright, 


hJKn'i  -I  ■*£  ew| 

comp.  m.  ;  r 


COMPLETION  DATE 


LAS.  SR,  CHIEF 


LAB.  DIV.  CHIEF 


SERIAL  BO.  60lj£»S-£^ 


ESTlMATf  MUST  ROT  BE  EXCEEDED.  QUOTE  FULL  1.0. 
AND  PART  NOS.  OB  ALL  PROCUREMENTS  ABO  JOB  CAROS 


LAB.  LABOR  OBIT 


pto^io. 


MATERIAL  ARD  WORK  I  t*T. 
OF  OTHER  departmebts  I 


mum 


BRANCH  CHIEF  OF  W  /  I  Dl  VI  SIOB  jCMlCr  OF 


